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FREDERICK V. GEIER, author of Machine Tool Re- 
search, is quite prominent in the heavy machinery industry. 
Since 1934 he has been President of the Cincinnati Milling 
Machine and Cincinnati Grinders, Incorporated, the largest 
company of its kind in the world. He is very interested in 
technical education for employees and young men, and serves 
as President of the Board of Directors of the Ohio Mechanics 
Institute. As a director of several large Cincinnati corpora- 
tions, his activities include several other fields of industry. 


PROFESSOR ALBERT A. SCHAEFER, who wrote 
the article entitled Pitfalls in Patent Application, is an 
Associate Professor of Law and Government, and has been 
connected with the Department of Business Administration 
for many years both as a part and full time member of the 
staff. He is associated with the firm, Ropes, Gray, Boyden, 
and Perkins, where he has specialized in the trial of cases. He 
has an A.B. degree from Harvard and an LL.B. degree from 
Harvard School Law. He isa collaborator on “Organization 
and Management of a Business Enterprise’. 

During the World War Professor Schaefer was the director 
of enforcement of the New England Fuel Administration under 
appointment by President Wilson and also the Legal Advisor 
of the local draft board. He is a 32nd degree Mason and has 
filled several prominent positions in Massachusetts Masonry. 
Outside the classroom he has a reputation as a raconteur and 
as an excellent mixer. 


ARTHUR GUNDERSON HAYDEN graduated A.B. at 
Ripon (Wis.) College in 1899. He completed his training at the 
Massachusetts Institute of Technology, graduating with a 
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B.S. degree in Civil Engineering in 1901. In 1904, while oc- 
cupying a position as designer and assistant engineer on the 
New York State Barge Canal, he devised a method of rein- 
forcing the Mohawk River bridge dams without the use of 
falsework. This attracted wide attention throughout the 
engineering profession. Since 1920 he has been Chief Design- 
ing Engineer of the Bronx Parkway Commission, and of the 
Westchester County Parkway Commission. In this position 
he has added further to his reputation for resourcefulness and 
originality in engineering design. In 1922 he developed the 
rigid frame bridge, which is described in detail in his article in 
this issue. It is distinctly a new engineering design. Over 200 
bridges of this type were built in the United States during 
the period 1922-33, and a number in foreign countries. One 
of these, the Mount Pleasant Bridge, in Westchester County, 
New York, built in 1929, was awarded the first prize of the 
American Institute of Steel Construction as the most notable 
bridge of short span built in the United States in that year. 
In thes ame year Mr. Hayden was awarded the medal of the 
Society of Arts and Sciences for his work on the Bronx River 
Parkway. He has worked upon a wide variety of structures, 
including simple-span, cantilever, lift, bascule, and draw 
bridges, dams, lock gates, and aqueducts. 


DAVID S. FRANKEL, who contributed our article on 
Television, is a member of the Class of 1939. He came to 
Technology from Worcester, Mass., where he prepared at 
Classical High School. In addition to being valedictorian of 
his graduating class, he was in numerous extra-curricular 
activities. At the Institute he aspires to get on the Freshman 
Tennis Team and expects to take part in debating and jour- 
nalistic work. He is registered in Course VI-A. 
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MACHINE TOOL 


By FREDERICK V. GEIER 
President of the Cincinnati Milling Machine Co. 


N the building of modern machine tools, many depart- 

ures from traditional practice have been found necessary. 

Not least among these is the substitution of organized 

research and exact engineering knowledge for the em- 
pirical methods of the past. Today the research laboratory is 
coming to occupy an important place in the machine tool 
industry. 

There are a number of reasons for the change. The modern 
machine tool operates at higher speeds and must be capable 
of heavier loads without failure and interruption of service. 
Freedom from vibration and chatter is very important, not 
only from the standpoint of longer life but more particularly 
to make possible the closer limits and refinements of finish 
required by reciprocating and rotating component parts and 
their mating surfaces. The motor, refrigerator, appliance, and 
other industries could not produce their highly developed 
present day products with the machine tools of only a few 
years ago. 

The function of engineering research in the machine tool 
industry is three-fold: 

(1) To provide a correct basis for the design of machine 
tool structures and mechanisms. 

(2) To solve perplexing problems which arise in the op- 
eration of conventional types of machine tools. 

(3) To develop information leading to the creation of new 
types of machine tools and component mechanisms. 

Within the scope of this article it is possible to touch on 
only a few of the types of research problems and some of the 
methods which have been de- 
veloped and used by Hans 
Ernst, Mario Martellotti and 
associate research enginecrs 
in the Research Laboratory 
of The Cincinnati Milling 
Machine Company. These were 
utilized in their studies of metal 
cutting and the associated 
problems. 

The basic purpose of the 
machine tool is metal removal: 
hence, to permit its highest de- 
velopment, it is essential that 
the process of metal removal 
be fully understood. In recent 
years notable advances have 
been made in establishing the 
basic factors which affect the 
action of a cutting tool, and in 
analyzing the mechanism of 
chip flow. The removal of a 
metal chip by the action of a 
cutting tool is a highly com- 
plex process. As shown in Fig. | 
there usually exists a wedge 
shaped body of material known 
as the “built-up edge” which 


Figure 1 
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precedes the nose of the cutting tool, and appears to cling 
thereto, while the main body of the chip flows over it. 

By means of motion pictures taken through the microscope, 
showing a cutting tool in action, and photomicrographs of 
chips in various stages of formation, (see Fig. 2,) it has re- 
cently been ascertained that the magnitude of the built-up 
edge directly determines the quality of finish produced on the 
workpiece. [t is also a vital factor in the life of the tool. Thus, 


from a knowledge of the factors which determine the size of 


the built-up edge, we may establish the conditions for high 
quality of finish. 
Fig. 3 shows the method employed in studying the growth 


of the built-up edge. In this case the workpiece. consisted of 


laminations securely clamped together with a special fixture; 
the cutter (a “‘spiral’’ mill) being suddenly stopped while in 
the act of removing a chip. The laminations were then sepa- 
rated and prepared for microscopic examination. 

From a fundamental standpoint, any machine tool may be 
considered simply as a mechanical contrivance which pro- 
vides relative motion between a piece of work and some form 
of cutting tool. Thus, in the development of machine tool, 
the study of motion, means for producing motion, and 
methods of analyzing motion, play a very important part. 
In certain cases, for instance, it is necessary to ascertain the 
degree of uniformity with which a slide or other machine 
part is moved, or the extent to which its movement is affected 
by forces encountered while in operation. In other instances 
the relative timing (or phase relation) of various motions or 


-Illustrations Courtesy of Mechnical Engineering 
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forces must be studied in order to ascertain the direction in 
which improvement may be effected. 

In all cases where the speed of the motion to be investi- 
gated is not too great, or the sequence of motions is not too 
frequent, a direct graphic record may be made on a moving 
cylinder or paper band by mechanical connections from the 
moving members. Such a device is generally known as a kine- 
matograph. When used for the recording of low-frequency 
vibrations, however, it is sometimes termed a vibrograph. 
The mechanical arrangement of a kinematograph varies 
widely in accordance with the type of work upon which it is 
to be used. 

In milling machines of all types, the action of the cutting 


tool upon the work piece is not continuous, as in the case of 


a lathe, but consists of a rapid succession of tooth impacts. 
Thus, even with spiral milling cutters, where several teeth 
may be in contact with the work at one time, the force exerted 
by the cutter on the table (in the plane of its motion) is not 


constant, but varies periodically with the entry and exit of 


each tooth. In a milling machine with mechanical feed, each 





Figure 2A 


increase in cutting force causes the“ tabledriving screw_and 
its associated gearing to be stressed more highly and thus to 
yield a definite amount, only to rebound again as the cutting 
force decreases. By means of the kinematograph, the rate and 
amount of this rebound under various cutting conditions is 
readily ascertained. 

The records obtained with the kinematograph assisted 
materially in the development of such machines as the Cin- 
cinnati Hydromatic, in which the work table is moved by a 
hydraulic feeding system. In a milling machine with hy- 
draulic feed it is essential that the hydraulic circuit be so de- 
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Figure 3 


signed as to provide a proper control of the table motion 
under all operating conditions. As mentioned above, the force 
imposed by the cutter on the table is not constant, but in- 
creases and decreases with the entry and exit of each suc- 
ceeding cutting tooth. Nevertheless, by a proper arrangement 
of the hydraulic circuit, a high degree of stability can be 
obtained without sacrificing the cushioning of successive 
tooth impacts, which is so largely responsible for the in- 
creased cutter life characteristic of machines with hydraulic 
feed. 

In the case of the Hydromatic this stability is obtained by 
the use of what is known as the “locked circuit” in which the 
outflow from the cylinder is positively metered by a variable 
displacement pump, while the relation between the pressures 
in the two.ends of the cylinder is governed by the operation 
of a special automatic differential valve. Under cutting con- 
ditions, therefore, it will be apparent that rapid fluctuations 


Figure 4 
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of pressure must be produced in both ends of the cylinder 
in order to meet the fluctuating loads imposed by the cutter. 
In many other problems encountered in machine tool 
design and development, it is desirable to be able to obtain 
graphic records of force and motion changes occurring in 
extremely short intervals of time. This is particularly true in 
the study of all vibration phenomena, and also in the de- 
velopment of hydraulic circuits and in the study of cutting 
forces where the fluctuations are too rapid to permit of any 
mechanical recording system such as used on the kinemato- 
graph described above. For such investigations it is custom- 
ary to use some form of oscillograph in which the motion 
and force effects are recorded by means of Jight moving 
across the surface of a rapidly moving photographic film. 
The oscillograph is well known in the electrical industries 
where it has been used in various forms for many years for 
recording variable currents and voltages. In mechanical 
industries, however, (and particularly in the machine tool 
industry), its application is more recent. This is partly due 
to the fact that, in the investigation of mechanical phen- 
omena, it is generally necessary to use some form of primary 
instrument in order to convert a movement or force change 
into an electrical variation before it can be recorded on the 
oscillograph. 
One application of the oscillograph is the study of “‘chatter”’ 
in milling machines. Chatter is a condition of 
violent vibration between tool and work which 
is common in all classes of machine tools. It 
occurs in milling whenever some high har- 
monic of the tooth pressure curve synchron- 
izes with the natural frequency of an impor- 
tant element of the machine or work-support- 
ing structure. When this happens the pressure 
curve is itself modified so as to amplify and 
perpetuate a vibration at this frequency. 
Chatter frequencies commonly encountered 
range from 60 to 150 cycles per second, the 
most destructive type being generally in the 
neighborhood of 90 cycles per second. Fig. 4 
gives a comparison of milling chips made under 
non-chattering and chattering conditions. 
The primary instrument used in this par- 
ticular application to transform the mechan- 
ical vibration of the table into an electrical 
vibration which can be recorded on the oscillo- 
graph is a pendulum-type accelerometer. This 
device consists essentially of a heavy pendu- 
lum, which is pivoted so as to be free to 


Photomicrograph showing structure of 
chips made under conditions pro- 
ducing very slight chatter. 
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Figure 2B 


move in the plane in which the vibration is being investi- 
gated. Carried in the head of the pendulum isa large magnet 
coil, which is arranged for connection to a suitable source of 
electric current. A small fixed “‘pick-up” coil is carried by the 
stationary frame of the machine and connected through a 
special vacuum tube amplifying circuit with the oscillograph. 
When the frame is vibrated from any source (as by the 
table of the milling machine in the case shown) the pendulum 
tends to remain stationary in space while the frame moves 
with respect to it. When relative motion occurs between the 
magnet and the pick-up coil, however, an electromotive force 
is induced in the latter, the instantaneous value of which is 
proportional to the rate at which the magnetic field generated 
by the magnet is cut by the windings of the pick-up coil.Thus, 
where N equals the flux linked with the coil, the induced 
voltage : dN. 
a ae 
The rate of change of flux linkage, however, depends, in 


this case, on the rate of relative movement between the 


dt 
pick-up coil and the magnet, and for small movements is 


















































































Indentation of a paraffin block by a flat faced tool. Column 
one shows tool face parallel to block. Column 
two shows tool with 10° rake angle. The 
last column shows same tool as in 
column two, but working near 
top of block. : 








. ie : 
directly proportional thereto, that is, E = qt The deflection 


of the string galvanometer, however, is proportional to the 
instantaneous value of E; thus the slope at any point on the 
curve recorded on the oscillograph is proportional to the in- 
stantaneous value of the acceleration of the frame relative to 
the pendulum. 

Thus dE = — d*N = K d?*x 

dt dt? dt? 

From a knowledge of the instantaneous value of the accel- 
eration it is possible, therefore, to evaluate the instantaneous 
force. 

This instrument is often used in a qualitative way for the 
comparison of different conditions. Comparison of oscillo- 
graph records shows the great reduction in the forces involved 
when the work is properly clamped, thus indicating the value 
of rigid work-supporting means. 

Another primary instrument which has been used to great 
advantage with the oscillograph is the capacity-type pressure 
gauge, called the High-Frequency Pressure Recorder. This 
device is used in the study of rapidly changing hydraulic 
pressures, and with it pressure fluctuations as high as a 
thousand cycles per second can be recorded on the oscillo- 
graph. 

In operation, the plate and diaphragm form a condenser 
which is connected in circuit with a specially developed 
vacuum tube oscillator, operating at a frequency of about 
1,800 kilocycles. The entire circuit is so arranged that a 
change in capacity produced by a deflection of only 0.00001 
inch will produce a measurable change in the current through 
the oscillograph élement. With a properly designed circuit, 
the deflection of the oscillograph element is very nearly pro- 
portional to the pressure change when working within the 
range of pressures for which the diaphragm is designed. Thus 
the record made on the oscillograph film is a true reproduc 
tion of the pressure fluctuation. 

Another instrument which has many uses, particularly in 
the study of fast moving, recurring phenomena, is the strobo- 
scope or vibroscope. This instrument is based on the well- 
known principle of persistence of vision which makes a rapid 
succession of images of an object appear as a continuous 
image. In its application successive images of a moving object 
are formed by illuminating the latter by means of a neon 
lamp of the type now commonly used in street signs and show- 
window displays. In this case, however, the voltage impressed 
on the lamp is interrupted by a contact-breaker driven by a 
small variable speed motor, thus producing a very rapid suc- 
cession of flashes which appear to the eye as a continuous 
light. The contact breaker is so designed that the neon tube 
is illuminated during only a small portion of each cycle. 

This form of stroboscope may also be used for the measure- 
ment of vibration frequencies by merely illuminating the 
vibrating member from the neon lamp and adjusting the 
speed of the contact breaker until the motion of the vibrating 
object appears to stop. The frequency of vibration may then 
be directly determined. 

The research laboratory is taking an increasing part in the 
solution of the technical problems of the machine tool builder, 
not only in providing the basic data for the design of machine 
tool elements and in participating in the solution of unusual 
problems arising in the use of machine tools, but as a function 
always available to provide a scientific approach and check on 
a great variety of engineering and practical shop problems. 
Every day its field of usefulness is developing. The day is not 
far distant when a well organized research laboratory will 
be considered as much of a necessity as any of the other well 
recognized departments in a machine tool plant. 
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RIGID FRAME BRIDGE 


By ARTHUR GUNDERSON HAYDEN, ’01 


Chief Engineer, Westchester County Parkway Commission 


NEW form of bridge structure has, within the past 

fifteen years taken its place in the structural field 

as a distinct type, having certain advantages over 

other previously recognized types. It was developed 
in connection with the design of the numerous highway grade 
separations on the now famous system of Parkways in West- 
chester County, N. Y. which was built to carry the great 
volume of high speed passenger automobile traffic passing 
through the county to and from New York City. At several 
places where the Parkways crossed over or under 
existing highways or city streets, it was of prime importance 
to keep the distance between the parkway drive and the 
street or highway at a minimum. A concrete arch was waste- 
ful of this headroom. The arch ring proper, spanning the 
roadway between high and massive abutments, had to have 
a certain minimum rise above the springing, in order to keep 
temperature stresses within reasonable limits. 

Neither did girder nor concrete T-beam construction offer 
the proper solution at these tight places. The depth of the 
floor required to carry the load at mid-span was too great. 
Dividing the span by introducing a pier or columns at the 
middle was proposed by the designers but the proposal was 
rejected by the Parkway Commissioners who demanded a 
roadway free from obstruction for its full width. 

What was indicated by the conditions at the site was a 
structure that at first sight appeared to be impracticable—a 


Construction 


very flat arch, thin at mid-span, with very thin abutments to 
reduce excavation in the street under which the bridge was 
to be built. 

It was recognized however that the thin abutments would 
give only partial fixity at the springing of the arch ring in- 
stead of complete fixity, thus reducing the troublesome tem- 
perature stresses. These requirements would result in a queer 
looking structure as shown in Figure 1. The top had a rise too 
flat for a true arch and the abutments were too light to pro- 
vide the restraint necessary to make the top member a fixed 
arch. This unusual looking structure was first dubbed the 
“bull pup” but later when editors began to ask for official 
information about the innovation the more dignified name 
“rigid frame bridge’ was hit upon, although there is no par- 
ticular significance to the name. Today this peculiar struc- 
ture has become so familiar that it no longer appears strange. 

Some precedence for the analysis of such a structure was 
found; particularly a University of Illinois publication by 
Wilson, Richart and Weiss bearing the title “Analysis of 
Intermediate Structures by the Slope Deflection Method.” 
The authors however predicated at the outstart, members of 
constant section so that quantities could be integrated by 
calculus thus permitting the derivation of design formulas; 
whereas the structure desired was one in which the thickness 
of members varied from point to point as shown in Figure 1. 
It was necessary to go back to first principles and devise a 


Rigid Frame Bridge built by Wayne County, Michigan carries six mile road over Middle Range Parkway clear span 60 ft. 
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method of calculation which was free from the re- 
strictions imposed by the processes of integral cal- 
culus. Later on the analogy between the single 
span rigid frame bridge and the two-hinged arch 
was recognized and design processes were further 
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simplified. 

After the first structures of this type were built 
on the Bronx River Parkway, careful comparisons 
were made with other types of structure, suitable 
in general for grade separation structures, and 
these comparisons showed that the rigid frame 
structure not only satisfied the requirements of 
the case in hand, but that it had inherent advan- 
tages which resulted in substantial economies. 
Several hundred rigid frame bridges have now been 
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TYPICAL DETAILS OF SOLID SECTION 
RIGID FRAME BRIDGE 





designed and built in the United States and these 
advantages have been fully demonstrated. 

The reason for the intrinsic economy of the 
rigid frame structure may be demonstrated by constructing 
toy structures representing a longitudinal element of a simple 
span structure and also of a rigid frame structure. Each may 
be made of pieces of hard rubber draftsman’s spline which 
comes 14 inch thick and about 5 inch deep, Make the hor- 
izontal member about 10 inches long and the vertical mem- 
ber about 5 inches high. In the model of the simple span 


structure the horizontal member will rest upon the vertical 





Figure 3 


members but will not be connected to them. A load of 14% 
to 2 pounds hung to the middle of the horizontal member 
will produce a measurable deflection under the load. In the 
modcl of the frame structure the members will be identical 
but the horizontal member will be rigidly connected to the 
vertical members by small brass corner pieces. Under the 
same load the deflection at the middle (under the load) will 
be found to be about 0.4 of the deflection of the simple span 
beam, The exterial work done in each case is proportional to 
the deflection under the load and this must of course be bal- 
anced by the external work of the active structural members. 
So we see that the toy frame structure had to do only about 





Figure I 


0.4 as much work in supporting the load as the simple span 
structure. Moreover all three members of the frame worked 
together performing much less required work than member 
be alone had to perform in the simple span structure. In 
the latter, the abutments or columns contribute no useful 
work but serve only to support the active member be and 
provide the clearance underneath. In a real beam bridge, the 
abutments have to resist the earth pressure behind them 
without assistance from the supported beams or girders. In 
the frame bridge all three members working to- gether resist 
%arth pressure stresses as well as other stresses; but in add- 
ition to this, the earth pressure stresses counteract the 
stresses due to live and dead load to a considerable degree. 

We have just, been considering a simple analogy of a frame 
bridge having members of the same depth throughout their 
length. The material in certain portions of each member is 
more effective in its structural action than that in other por- 
tions. Referring to Figure | it will be noted that the horizontal 
member is thinner at mid-span than at the ends and the ver- 
tical members are thinner at the bottom than at the top. 
Material has been removed at mid-span where its dead weight 
does the most harm by increasing stresses and where it is least 
effective in resisting them. Material at the bottoms of the 
vertical members, where it is least useful in resisting stresses, 
has likewise been removed. 

The concrete rigid frame bridge, like the true arch, is easy 
to build. Form work is uncomplicated and the steel rein- 
forcement can, with a little care, be patterned so that there 
will be but few different sizes and lengths of bars to be handled 
in the field; whereas in a concrete T-beam bridge the form 
work and steel reinforcement are more complicated. Unit 
prices for the materials of construction are likely to be less 
for the frame bridge. 

The saving in head room permitted by rigid frame con- 
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struction means a saving in the bridge approach fill or in the 
excavation for the roadway going under or a combination of 
both items together, depending upon how the roadway grades 
are arranged relative to the natural ground surface. 

Rigid frame bridge designs have in several instances been 
placed in direct competition with other types of construction 
for the same proposed bridge and have won in the competition. 
The designing engineer must however deal with this type as 
just another one to be considered in any particular case. The 
selection of type should be governed by the local conditions, 
and the natural tendency to follow a fad should be avoided. 
\. few instances have come to the writer’s attention where 
rigid frame construction was used when the conditions plainly 
indicated that a segmental arch ring that would follow the 
thrust line closely, would have been a better solution. There 
were no restrictions imposed by limitations of headroom or 
right of way or other factors to indicate rigid frame con- 
struction. There is not space to discuss this topic at length, 
but in explaining the advantages of the rigid frame bridge 
the writer would not give the impression that it has super- 
seded the older familiar types under all conditions. 

The solid barrel type of concrete R.F. bridge such as is 
indicated in Figure 1 has certain economic span limits not 
as yet definitely determined. A few bridges of longer span than 
usually required for grade separations have been built in 
which dead weight was an important factor. In order to reduce 
dead weight, particularly near mid-span, ribbed construction 
was used. The same expedient has occasionally been used for 
bridges of shorter span; such as the Krape Park bridge at 
Freeport, Illinois, designed by Mogens Ipsen and illustrated 
in Figure-5. The Westchester County Park Commission has 
built concrete R.F. bridges which were ribbed throughout— 
that is the abutments as well as the portions near mid-span. 
The concrete floor deck as well as the cut-off walls at the ends, 
for retaining the approach fill was continuous with the ribs, 
so that portions of the structure acted as T-beams with com- 
pression flanges. The form work as well as the steel reinforce- 
ment will be more expensive in ribbed construction than in 
solid barrel construction, so that labor costs are items to be 
considered as well as quantities of materials. High labor costs 
and low material costs will favor solid construction and low 
labor costs and high material costs will favor ribbed con- 
struction. 

Steel construction has been 
successfully applied to rigid r 
frame bridges. Sucha bridge 
consists of anumber of paral- 
lel rigid frame girders about 
ten feet apart supporting a 
floor deck, usually of con- 
crete and with cut-off walls 
at the ends to retain the ap- 
proach fill. Cross beams be- 
tween girders support the 
compression flanges of the 
girders and also help to sup- 
port the floor deck which 
may thus be designed as a 
two-way floor slab. The 
framing for such a bridge 


Figure 5 
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is shown in Fig. 2. Figure 3 shows such a structure in 
process of erection and Fig. 4 a completed structure. No 
general rule can be given at this time for determining the 
economic limit between concrete and steel R.F. bridge con- 
struction. 

Many rigid frame bridges of two or more spans continuous 
throughout have been built. Fig. 5 shows a double span struc- 
ture on the Cross County Parkway in Westchester County, 
N. Y. and illustrates also the architectural treatment gen- 
erally followed for its parkway bridges. Stone quarries are 
abundant in Westchester County and stone facing on its 
parkway bridges is in keeping with the rugged rocky nature 
of its landscape. The Engineering News-Record for April 
27th, 1933 gives a list of rigid frame bridges built up to that 
time. The longer multiple span bridges listed therein are not 
continuous throughout their length, but are broken down into 
units of two, three or four spans each. Temperature expansion 
and contraction set a limit upon total length of structure that 
it is practicable to build continuous throughout its length. In 
climates where the temperature range is great, temperature 
stresses (which are negligible for single or double spans of the 
lengths usually required for grade separations) become of 
major importance in the multiple span structure. No general 





Figure 6 


rule can be set down for limitations upon total length, as it 
will vary with the rise to span ratio and other factors. 

The Herval Bridge in Brazil, illustrated in Fig. 6, is to the 
writer's mind the most beautiful example of concrete rigid 
frame bridge construction. The middle span is 224 feet and 
the end spans about 85 feet. It was built by the firm of 
Emilio Baumgart, Consulting Engineer of Rio de Janeiro, 
Rolf Schjodt being the engineer in charge of design. There are 
several other very good examples of short span bridges finished 
in concrete (without stone facing or other disguise) but only a 
few of them successfully show the rigid frame construction in 
their external aspect. The bridge designed by Fay, Spofford 
and Thorndike to carry the Circumferential Highway over 
West Street in Dedham, Mass. is an excellent solution which 




































































































Stone faced concrete Rigid Frame Bridge on Hutchinson 
River Parkway, Westchester County, N. Y. 


might be improved if the roadway construction could be 
made thinner, permitting a lower parapet and thus reducing 
the top heavy effect over the structure proper. 

The rigid frame bridge is an arch-like structure; in fact it is 
an arch of peculiar shape subjected to heavy bending mo- 
ments particularly at the knee where the axis makes a sharp 
change in direction. It cannot, however, be classified as a true 
hinged arch or a true fixed arch. It rests upon the soil through 
a footing of width depending upon the quality of the founda- 
tion material; something like six feet for a fifty foot span. If 
the points upon the bases through which the resultant re- 
actions pass could be predicated for any particular loading, 
the stresses would be the same as in a structure with physical 
hinges at these points. The expense of hinges, so constructed 
that they can be relied upon to act as such, can however be 
avoided, and there is no good reason for using them. Unless the 
footing is securely anchored to the ground so as to be capable 
of developing uplift, the resultant reaction must be within 
the base. If it passed through directly at the edge of the base, 
soil pressure at that point would be infinite. It must therefore 
pass through the base within a somewhat narrow range, say 
the middle third or middle half (See Fig. 7a). Extreme points 
may therefore be assumed outright—say at the outside limit 
of the middle third and the inside limit of the middle third 
and the stresses then analyzed for both extremes. The true 
stresses must lie somewhere between the two extremes which 
can never be exceeded. The cost of the excess materials nec- 
essary to proportion the structure to cover both extremes 
have been found to be much less than the cost of physical 
hinges; therefore hinges were never used in Westchester 
County Parkway bridges. In fact it was found that stresses 
calculated for extreme positions of hypothetical hinge points 
differed so little from the stresses calculated for hypothetical 
hinge points half way between the extremes, that one calcu- 
lation for the latter condition was good enough for all prac- 
tical purposes. The designer can therefore dispense with 
physical hinged articulation, assume hinge points near the 
middle of the base and proceed with his calculations as for 
a two-hinged arch. 





Krope Park Bridge, Freeport, Ill. 


If the structure rests upon pile foundations, the designer 
cannot proceed so confidently. The grip of the concrete base 
upon the tops of the piles may be sufficient to develop con- 
siderable end moments at the bottoms of the footings, so 
that the resultant reactions can pass outside the base. Even 
then it is not necessary to introduce physical hinges to defi- 
nitely locate the reaction points. The structure may be anal- 
yzed for extremes and proportioned to be capable of resisting 
extreme stresses within which the true stresses must lie. The 
extremes are for complete fixity at the base as at the ends of 
the ring of a fixed arch, and for hinged conditions. This 
procedure was followed for several Parkway bridges on pile 
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Figure 8 


foundations and the cost of the extra materials necessary to 
resist stresses of both extremes was found to be insignificant. 
The comparative envelope curves of maximum bending 
moments for fixed end conditions and hinged end conditions 
in a frame bridge of 50 ft. span are shown in Fig. 8. The 
greatest difference between the two curves is for points in the 
vertical legs. The nominal reinforcement at the inside face 
of the legs, usually put in to cover uncertainties whether piles 
are used or not, was almost enough to care for the stresses 
(Continued on page 47) 
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PATENT 


By A. A. SCHAEFER 


Assistant Professor of Business Law 


LMOST every technically-trained and scientifically 
minded student dreams of a day when he shall dis- 
cover or invent some device which will revolutionize 
some established art and make him wealthy beyond 

the dreams of avarice. Nor is the dream marred by the indis- 
putable fact that of the millions of patents issued by the 
United States Patent Office during the approximately one 
hundred and forty years of its existence, only an infinitesi- 
mally small number have resulted in any substantial return to 
the inventor; nor yet by the fact that more fortunes have 
had their inception in the manufacture and distribution of 
unpatented articles rather than have resulted from a patent 
monopoly. The classic example of the latter is Mr. Ford’s 
model T car which, from the standpoint of profit, was the 
greatest invention of all time. Yet it was unpatentable. Its 
tremendous success was due to Mr. Ford’s business ability, 
not to his inventive ability, since, except in certain minor 
parts, it represented merely an aggregation of known devices 
possessing no novelty. 

But the purpose of this article is not to dampen the ardor of 
youthful (or aged) inventors. Rather, it is to point out the 
many obstacles which will be met and which must be over- 
come between the time when a need is observed for some new 
article and the time when it is profitably marketed. Space will 
not permit a discussion of every conceivable obstacle, but 
it is possible to note some of the many pitfalls which have 
caused many a heartache, as well as financial loss. Since the 
normal way for an inventor to secure for himself monetary 
benefits from his invention is to obtain a patent monopoly, 
it is first necessary to consider what the inventor must do to 
be able to obtain a patent for his invention. 

Assume at the outset, therefore, that you have visualized a 
need in some particular field or art. You next conceive an 
idea that this need may be satisfied in a certain way by some 
mechanical contrivance which you believe is new in the sense 
that it has not been previously known to anyone else. You 
further believe that if your idea is perfected — that is, reduced 
to practice — it will be a useful addition to the particular 
art with which you are concerned. The perfection of your idea 
may require time and some little expense. Assume that, un- 
like Most inventors, you can afford both. But will it be 
profitable for you to expend both? That depends on many 
things. And the chief element of doubt in the situation is 
whether your belief that you have hit upon a new and usable 
idea is, in fact, true. Parenthetically, it may be here observed 
that there are few inventions to-day which do not borrow 
something from previous ones. And your first problem, if you 
are really serious in your efforts to produce something patent- 
able and profitable is to discover to what extent you are 
borrowing, or to what extent you are stealing. To solve this 
problem you must search the records; here you encounter 
your final great obstacle. 

Most people assume that it is comparatively easy to dis- 
cover whether an idea is new and whether, when reduced 
to practice, it will be patentable. This is not quite true. 
Of course, the archives of the Patent Office, which contain 
the descriptions of all the patents heretofore granted, are 
open to general inspection. Models and drawings may be 
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Application 


examined, but pending applications are not open to the 
public. They are in the secret archives of the Patent Office, 
and cannot be reached by any search. Moreover, they have 
an uncanny way of emerging after many years to entrap the 
unwary inventor. 

The multiplicity of applications for patents casts a tremen- 
dous burden upon the examiners in the Patent Office. It is 
impossible for them to keep up with their work. There is a 
sizable amount of excusable delay. These delayed applica- 
tions are the first obstacle to an efficient search. It is by no 
means unusual for an application to be pending seven or eight 
years, and instances may be cited where the delay has ex- 
ceeded fifteen years. It is true that where an inventor files an 
application which may have been anticipated in some prior 
application, pending but not as yet allowed, the Patent Office 
will declare an interference, thereby enabling both, inventors 
to litigate in the Patent Office the question of priority of 
invention. But this is similar to locking the garage after the 
automobile has been stolen, for whether the time and money 
necessarily spent prior to the filing of the application is irre- 
trievably lost depends upon facts not then ascertainable. 
Moreover, if, as not infrequently happens, the assumed in- 
ventor has marketed some samples of his invention pending 
his application, he is in danger of infringement suits. Yet all 
this through no intentional fault of his own and despite every 
precaution on his part. 

But his troubles do not end here. A search may disclose 
some similar device theretofore patented. The new inventor 
wishes to know whether the prior patent covers his device. 
This must be determined by the claims of the prior patent, 
for the scope of the patent is strictly limited by the claims 
asserted. It might seem that this is a comparatively simple 
matter. Yet it is remarkable how frequently words which 
are supposed to convey ideas succeed only in cancelling 
them. The purpose of a claim or claims is to inform the public 
what the patent is for. And, of course, they should be stated 
in as few words, and as straight to the point as possible. But 
inventors, and, more particularly, their attorneys, seem to 
lack the power of simple expression. Through fear, doubtless, 
of losing some right, they embody the idea in a multiplicity of 
claims, a multiplicity of their elements, and in language 
artificial and even misleading. The searcher must give ade- 
quate consideration to each claim, must dig through the mass 
of elements in order to ascertain whether anywhere there 
exists an idea in conflict with tie new idea to which it is to be 
applied. Not only this but also, claims are many times in- 
artificially drawn. The draftsman has not expressed his 
real idea or it may be a doubtful question as to whether he 
has or has not intended a certain thing. How is the searcher 
to know? He is not able, is the short answer. Yet again the 
potentialities of the secure invention depends on the correct 
answer, and subsequent infringement suits will be decided 
upon a construction of an imperfectly expressed claim. 

Let us not assume our troubles are ended. Suppose the 
searcher finds a claim which expressly or by some forced con- 
struction covers his supposedly new invention. This does not 
necessarily create a bar. [t may be that the-secured inventor 

(Continued on page 46) 


37 





















































































































The Principles of 





TELEVISION 


By DAVID S. FRANKEL, °39 


Massachusetts Institute of Technology 


INCE time immemorial man has dreamt of seeing 

over distances that defy his optical powers. In 

numerous ways he has attempted to enlarge his field 

of vision and to overcome the obstacles that limit 
that field. The telescope has extended his vision of the 
heavens; the microscope has brought the infinitesimal within 
his optical range; but only recently through his application of 
electricity to the principles of television has man made his 
greatest advance in realizing his age-old yearning. This 
infant television promises to be a most powerful weapon in 
man’s fight to annihilate space and mitigate the importance 
of time as a factor in the life of the world. 

Ever since the invention of the telephone, when sound 
waves could be converted into electrical impulses, trans- 
mitted, and reassembled at a distant point, inventors cherished 
the idea that the same might be done for vision. May’s 
discovery that the electrical conductivity of selenium could 
be altered by light served as an impetus for the work of 
Bidwell, Atkinson, Llewelyn, Nipkow, and other pioneers in 
television. Not until 1926, however, when J. L. Baird pub- 
licly demonstrated his achievements in’ the new science, did 
modern progress in television begin. 

The process of transmitting a moving picture from one 
point to another consists essentially of three stages: first, the 
conversion of the scene into its electrical equivalent; second, 
the electrical transmission of the impulses to a distant point; 
and third, the reconstitution at the receiving end of an image 
in exact accordance with the light and shade of the original 
scene. 

Obviously motion pictures cannot be transmitted elec- 
trically without the existence of some junction at which light 
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And Its Potentialities 


energy can be converted into electrical energy. This vital 
link is found in the photo-electric cell. A photo-electric cell 
suitable for television consists of an evacuated glass container 
with the cathode, or light-sensitive part, as a coating of 
caesium either on the inner wall of the cell or on a metal plate 
supported within. The anode, generally a ring or grid, is 
situated near the cathode. When light strikes the photo- 
sensitive caesium, it effects the emission of a stream of elec- 
trons. The anode grid, to which a steady positive potential is 
applied through a high-resistance coil, attracts the negative 
electrons and an electric current is thereby established, pro- 
portional to the intensity of the light striking the caesium 
surface. Thus light is converted into electricity and the first 
requirement for television is satisfied. It must be mentioned, 
however, that the current produced by the influence of light is 
very minute and causes a correspondingly minute fluctuation 
in the voltage circuit. Thermionic valves are therefore neces- 
sary to magnify the fall of potential to an appreciable in- 
tensity. 

In order to understand better the fundamental principles 
upon which the electrical transmission of moving pictures 
is based and to appreciate the developments of modern 
television, it would be well to consider briefly how the human 
eye functions. When an object is viewed by direct vision, 
light reflected from the object under observation falls on the 
eye and is focused by the crystalline lens upon the retina. 
This photo-sensitive plate is composed of myriads of nerve 
cells called rods and cones, each of which communicates with 
the brain. Any scene, from a severely optical point of view is 
thus composed of thousands of positioned elements of various 
intensities of light, which are operating on the brain simul- 
; taneously. The eye actually sees a large num- 
ber of infinitely small objects which in the 
aggregate form the image. 

The fact that vision is of a granular nature 
suggested to early research workers in tele- 
vision the idea of a photo-electric mosaic 
screen, the resulting current from which could 
operate another mosaic of shutters at the re- 
ceiving end. Since each element of the mosaic 
would require an individual wire connection 
and since for reasonably clear definition at 
least 120,000 elements of vision are essential, 
the scheme was abandoned in its early stages 
as impracticable. Instead television engineers 
determined to seek a means whereby a scene 
could be transmitted by a small number of 
lines, if possible, by a solitary channel. 

Fortunately the human eye has the property 
of what is known as persistence of vision. Be- 
cause of this optical “‘defect’’ an impression on 
the retina remains for a fraction of a second 
after the stimulus of the incident light is with- 


Scene in the television studios of the 
‘“‘Sarfar’’ Radio Corp., Milano, Italy. 
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drawn. In this very characteristic television re- 
search men saw the key to their problem. In- 
stead of presenting the entire scene at once, they 
would “scan” the picture or transmit each ele- 
mentary grain of vision in an orderly sequence. 
If the whole picture could be covered in a period 
less than the time of persistence of vision, the 
eye would receive the impression of simultaneity. 
Moreover, if the image could be scanned a suffi- 
cient number of times within a second, persis- 
tence of vision could again deceive the eye into 
“seeing’’ moving pictures. 

The process of scanning somewhat resembles 
the action of the human eye in reading a page of 
printed matter, letter by letter and line by line. 
Any scene is divided into a number of parallel 
strips and a beam of light moving at a high speed 
analyzes each line in rapid succession. The tone 
value of each element is thereby converted into 
its electrical value and the picture is analyzed in 
a form suitable for transmission. The degree of 
definition is proportional to the number of scan- 
ning lines provided that the subsidiary apparatus 
is capable of dealing with that number of sub- 
divisions. 

In practice, scanning was first effected with a 
revolving flat ““Nipkow disc” punctured with a 
spiral of minute holes, with a revolving mirror 
drum, or with some other mechanical device. 
These rudimentary inventions, although they 
showed conclusively that television could be a 
reality, had several serious failings. They could 
not be rotated rapidly enough to eliminate 
“flicker’’; the picture could not be divided into a 
number of scanning lines great enough to give 
sharp detail; the drone of the revolving parts in- 
terfered with the sound broadcast; and the en- 
tire apparatus occupied too much space. More- 
over, these scanning machines were unsafe on 
account of the high speed of the revolving 
masses. Because of the defects of mechanical 
scanning television for home use seemed, at this point of its 
development, a remote dream. 

In 1931, however, Dr. Vladmir K. Zworykin, working for 
the Radio Corporation of America, brought hopes for domes- 
tic television infinitely closer by his invention of an electronic 
scanner. The iconoscope, as this wonderful device is named, 
has been responsible for the highly imaginative and flagrantly 
speculative musings of newspaper writers concerning the 
future of television. While television engineers were attempt- 
ing to perfect mechanical scanning, Zworykin decided to re- 
turn te rudimentary ideas. He would endeavor to reproduce 
mechanically the complex human eye. After years of intensive 
research the product of his labors has been acclaimed a con- 
summate success. Any of the four outstanding features of the 
“electric eye’’ may be regarded a significant advance in 
television: its sensitiveness, its portability, its independence 
of strong illumination, and its total lack of mechanical parts. 

The iconoscope, which has removed the last serious ob- 
stacles in television, is a combination of a cathode ray tube 
and a photo-electric cell and has the general appearance of a 
huge electric light bulb. A description of this instrument will 
point out its close resemblance to the human eye. A lens is 
used to focus the image of the scene upon an artificial retina. 
This amazing retina, which is the key to the whole invention, 
consists of a very finely divided photo-electric mosaic formed 
on mica by the evaporation of silver in a vacuum. The other 
side of the sheet of mica is coated with a metal. Each cell 
of the mosaic is individually insulated and constitutes a 
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Photograph of image transmitted over telephone wires to 
Laboratories of Walter Howey and Ben Woodward. 


minute condenser. When the mosaic is exposed to the in- 
fluence of an optical image, each tiny condenser becomes 
charged electrically so that an electrical representation of the 
image is formed on the mosaic. A cathode beam is next swept 
vertically and horizontally across the mosaic screen at an in- 
credible speed and discharges each element of the mosaic 
successively. In this way each of the millions of cells goes 
‘on the air’ and reports the intensity of light in its particular 
sector of the picture. As a result the image is transformed 
into a series of transmittable impulses. The entire picture is 
traversed by the cathode pencil twenty-five times within a 
second so that the eye receives the illusion of moving pictures. 
Additional synchronizing signals are registered at the end of 
every scanning line for reasons which will be more apparent in 
our discussion of receiving apparatus. The reader should note 
the advantage that while the discharge of a single condenser 
takes approximately one three-millionth of a second, that. very 
element has all but one twenty-fifth (assuming twenty-five 
traverses per second) in which to store light energy before it is 
again called upon to deposit its charge. Consequently in this 
system the change in voltage is many times as great as in 
other methods, where the optical image acts for only a fraction 
of this time upon each element. The cathode ray, which is 
emitted from an electron gun in the neck of the tube, is con- 
trolled by four electromagnets clamped about the tube. These 
deflecting coils furnish the ‘“‘saw-tooth”’ currents for electronic 
scanning. 
(Continued on page 46) 
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EDITORIALS 


ENGINEER’S RESPONSIBILITY 


N M.I.T. professor recently said that an engineer’s job 

invariably has a technical, an economic, and a sociological 
aspect. Most engineers are aware of the first; quite a few 
realize the importance of the second; but hardly any have 
given the third a thought. Actually, however, this last field 
has recently become a topic of discussion. 

In our broader life, social welfare is an accepted institution. 
Civilization considers it right to support those of lesser capa- 
bilities. Despite the fact that the race is weakened thereby, 
man has seen fit to protect the weak. In view of this, the 
engineer, who will not recognize society’s need of himself, is 
not in the spirit of his times. 

The engineer is not deceived with the notion that tech- 
nological improvements are a detriment. For with all the un- 
desirable effects of labor saving devices and the new and im- 
proved methods that have replaced the firmly established 
methods of the past, we must concede that more good than 
evil has resulted. Statistics confirm this belief. 

The social readjustment that is necessary to compensate 
for the installation of these technical practices is a problem 
of the technician. He is in the best position to diagnose and 
remedy the situation, because he created the problem. He has 
seen it grow. But actually the engineer shuns this responsi- 
bility entirely and shifts it to someone not so well equipped 
for the job. It is the engineer’s responsibility not because he 
has inflicted an injury, but because he has not finished his 
job. One can be condemned for not doing as well as for doing. 

Engineers are trained to handle technical problems. Why 
not apply that same fundamental training to the rest of their 
work, the social readjustment? Obviously no individual engi- 
neer can be compelled to “clear up after he gets through.” 
But some engineers are going to see their opportunity in this 
field, and are going to work for it. The M.I.T. professor, 
previously mentioned, claims that engineering students re- 
ceive the most liberal education of all college men. Granting 
this, we see the headstart that a technical student has over his 
liberal arts colleague. Just let the engineering student increase 
this headstart with a knowledge of the social sciences and give 
him a chance. 

The catch is that chances are lacking. We need only a few 
men who have the initiative and the strength of their con- 
victions to enter this field successfully and to the benefit of 
society. The larger industries could well employ men for this 
work. Not only would they be a credit to the industry but 
they would be completing a technical job, correctly. More 
important is the fact that no one could say that industry and 
the engineering profession were exploiting society at large. 
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CHALLENGE TO COURSE VI-B 


ERE at Technology we have a course in illuminating en- 

gineering; we also have an exterior flood-lighting system 
which does not impress one as having been designed by illum- 
inating engineers. Of course the Illuminating Engineering 
Department is not responsible for the original layout and its 
present operation; however, this department should, for its 
own benefit, initiate and see carried through a correction of 
this condition. 

In general the Institute affords striking examples of garish 
lighting. The flood-lighting of the campus between Walker 
Memorial and Buildings 2 and 8 creates a most bizarre effect. 
Mushroom lamps, similar to those used at the Century of 
Progress Exhibition at Chicago, would be almost as efficient 
as the present equipment and would vastly improve the 
appearance of Eastman Court. The entrance to the Eastman 
Building is illuminated brightly enough, but the lighting 
units atop the tall standards produce so much glare that few 
people care to look in the direction of Building 6. The lighting 
of the parking facilities at the rear of Building 10 might be 
improved if sodium vapor lamps, mounted on some form of 
ornamental standard, were used. Incidentally these lamps 
are more efficient than those in use at the present. In general 
the flood-lighting system produces a glare which is very 
noticeable when one is close to the Institute. 

These defects in exterior illumination would, if corrected 
as suggested or in other and better ways, improve the ap- 
pearance of Technology and increase the prestige of its prac- 
tical engineering ability—particularly that of the new course, 


VI-B. 


THE LIFE OF TRADE 


HE life of trade in the nineteenth century was attributed 
to competition between rival companies, for this assured 
the public of a satisfactory product at a reasonable price. 

At the present time, however, these companies have found 
mutual agreement necessary to combat a new competitor. 
This is evidenced not only by an unusual amount of co-opera- 
tion between companies, but by a remarkable similarity of 
prices. They have found it expedient to unite to check the 
competition offered by substitutes for their own commodity. 

The railroad might be said to be a monopoly in so far as 
there is little or no competition between the various rail- 
roads, but the railroads are waging a competitive war with 
motor transportation. Trucks have cut heavily into railroad 
profits and the railroads are trying in many ways to regain 
their losses from the trucks. Airplane lines are running a close 
third in competition for the facilities that once belonged to 
the railroads alone. 

‘In communication services there is another war going on. 
The American Telephone and Telegraph Company has a 
monopoly on the telephone, but they are fighting a constant 
battle with the telegraph, the mails, and the radio. The radio 
is also engaged in a battle with the press as a medium for 
news and advertising. 

The big oil companies have a monopoly on fuel oil, but they 
must fight the competition of coal. They also have a monopoly 
on gasoline, but alcohol threatens as a new fuel for auto- 
mobiles. Of late, the fight between the bottle and the can as 
a beer container is gaining in momentum. 

Competition, in some form or another, is necessary to 
stimulate trade and to maintain it for the public as a highly 
developed institution. Although we notice changes in our 
economic system, competition is still with us, and in some 
cases it is actually stronger than ever before. 
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eS advertising is an evil to which this country 
has seemingly become inured. Perhaps the most blatant 
of all such advertising is that produced by the various cigar- 
ette companies. Ask any track, crew, or other athletic coach 
what he thinks of the effect of cigarettes on the “wind” of 
athletes, and then read the testimonials appearing in cigarette 
ads: * *s never hurt my wind or nerves—signed: Some 
Pseudo Famous Person.”’ Either the people who write such 
testimonials have an extraordinary physique, or they have 
found pecuniary reward rather useful. Multitudes of testi- 
monials and slogans appear, and many which are as false as 
the example quoted above, are supposedly backed up by mis- 
leading and trite scientific facts. 

The dishonors are distributed about equally among the 
four or five major cigarette companies with but one notable 
exception. However, the fact that a large part of the popula- 
tion of the United States continues to purchase products 
advertised in such an unethical manner is a sad commentary 
upon the character of the present day American. It signifies 
an utter disregard for truth. 

Although cigarette advertising has been selected here as an 
example, it is not the sole offender in the matter of false and 
misleading advertising. Tooth-pastes promising protection 
against all diseases and soaps guaranteeing against. social 
ostracism are representatives of other industries which care 
little or nothing about the veracity of statements contained 
in their advertising matter. 

Why the various Better Business Bureau organizations 
neglect this very apparent violation of good business prin- 
ciples is a mystery which lessens confidence in the sincerity of 
the Better Business Bureau Movement. 








—Courtesy Metal Progress 
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DIESEL POWER 


Di engines haye shown spectacular development in the 
past year, especially in the field of railroad locomotives. 

A four-engine locomotive for the Santa Fe Chief was the 
most practical development along this line although its un- 
fortunate fire delayed its maiden run from Chicago to Los 
Angeles. This locomotive is designed to pull a regular passen- 
ger train. It is built in two sections and each section has two 
engines of 12 cylinders and 900 horsepower. A ten cylinder, 
2200 horsepower locomotive ordered by Illinois Central uses 
a V-type Diesel. The weight of this engine when finished, 
may be as low as 23 pounds per horsepower. 

The Comet, The Rebel, and The Flying Yankee set new 
standards in rail transportation while the Mark Twain Zephyr 
claims the record of 122 miles per hour. The Union Pacific 
will soon run Diesels on the line between Chicago and Denver 
at an average speed of 65.5 miles per hour. This is the longest 
run made by Diesel locomotives so far. 

Diesel engines have also made progress in the stationary 
field. A large Diesel system has recently been installed by the 
Imperial Irrigation District of California. The world’s largest 
Diesel Station in Shanghai has a recent addition of 13,700 
horsepower bringing the total capacity to 30,000 kw. At 
Copenhagen a 15,000 kw. engine has been installed. 

Several new types have been developed including a rotary 
Diesel delivering 225, 360, and 450 horsepower. For some time 
Diesels have been having a trial on Boston busses. 

Last year’s production of Diesels totaled approximately 
three quarters of a million horsepower. This year total output 
is expected to be one and one-half million horsepower. 


—Aulomotive Industries 





STREAMLINERS 


-L June of this year the Union Pacific 
will place two streamlined trains in op- 
eration between Chicago and Denver, 
Colorado. The trains will operate on a 
schedule of 16 hours for the 1,048 miles, 
thereby cutting off over 9 hours from the 
present fastest schedule. They will be 
the fastest trains in the world for dis- 
tances of over 805 miles, their average, 
including stops, being 65.5 miles per 
hour for the trip. From Omaha to Den- 
ver they will average 70 miles an hour 
for the entire 560 miles. 

The trains, to be known as “Stream- 
liners—City of Denver’, will each con- 
sist of a 2400 horsepower tandem power 
unit and 10 cars, including sleeping, ob- 
servation, and dining coaches. Each 
section of the power unit will contain 
a 1200 horsepower Diesel engine and 
either engine, or both, can be operated 
from the controls in the cab of the first 
unit. The capacity of the trains will be 
182 passengers. 

The power cars will be built of Cor- 
Ten steel, while the principal structural material for the 
bodies of the other cars will be aluminum alloys. Possibly of 
greatest general interest is the statement by the Union Pacific 
that no extra fare is contemplated for the new “Streamliners’’. 
—Raliway Mechanical Engineer 
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NEW SLEEPER PLANE 


HE Douglas DST Sleeper Transport and DC-3 (its 24- 
passenger daytime countertype) have introduced a higher 
degree of luxury and passenger comfort to air transportation 
than has heretofore been attained in land planes. 
Spaciousness characterizes the 7 feet 8 inches wide by 6 
feet 6 inches high passenger cabin. Fore and aft, it is divided 
into eight sections, four on each side of a broad aisle. In 
each section are two seats, each 36 inches wide, facing each 
other. The seats and backs in the DST fold down to form 
soft foundations for the mattresses of the lower berths. Upper 
berths drop down from the ceiling in the approved Pullman 
manner. Each berth is 6 feet 5 inches long. Lowers are 36 
inches wide, uppers 32 inches. 
Separate dressing rooms are provided for men and women. 
Located at the rear of the cabin, they are fitted up with 





running water, mirrors, and other conveniences. Separate 
toilet facilities are located off each dressing room. A complete 
commissary department is located immediately behind the 
pilot’s compartment. 

Externally the ship is very similar in appearance to the 
DC-2 now in operation on many airlines at home and abroad, 
but overall dimensions are considerably greater. The DST 
shows a wing spread of 95 feet, an overall height (on the 
ground) of 16 feet 4 inches, and an overall length of 65 feet. 

With Wright Cyclones installed, the top speed is 219 m.p.h. 
and on 70 per cent power at 12,000 feet normal cruising will 
be at 190 m.p.h. The airliner will have a range of 1,100 miles 
with 24 passengers, as DC-3, or 1,400 miles with 16 passen- 
gers, as DST.—Aviation 
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NINE LENS CAMERA 


ECENTLY, Sherman M. Fairchild announced a 305 

pound multiple camera mounted as a single unit. De- 
veloped for the United States Coast and Geodetic Survey, 
the camera has nine vertically-mounted F4.0 lenses. {t is the 
largest single-unit aerial mapping camera ever made. The 
center lens photographs directly, while the other eight lenses 
photograph images reflected on eight highly polished steel 
mirrors extending below the camera. These mirrors are 
mounted in an alloy steel form, and slant outward at the 


bottom at an angle of 19 degrees. They are set at an angle of 


45 degrees to each other, thus forming an octagonal cone. 

Shutters are actuated by nine electric motors, operated 
synchronously. Inside the lens chamber are four supporting 
lenses which record on the film the time of exposure, check- 
ing points for corrections when the film is developed, nega- 
tive reference number, and spirit level reading taken at the 
time of exposure for corrections in perspective. 

Focal length of the new camera is 814 inches—somewhat 
more than that of other large cameras of recent design. While 
this reduces the area in the field of the lenses, it increases the 
sharpness of detail.—Aviation 
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COURSE II 


NDER the direction of the United States Institute for 
Textile Research, Inc., there is being conducted in the 
Textile Laboratory a series of researches on materials and 
methods for preparing cotton and rayon warp yarns for the 
weaving operation. This work involves studies of the struc- 
ture and properties of regular and modified starches, gelatins 
and glues by chemical, physical, and microscopical analysis. 
Staff research continues in the field of optical and physical 
analysis of the structure and properties of fibers and in the 
field of new apparatus and techniques for textile testing. 
Apparatus for measuring the air permeability of fabrics under 
controlled conditions has been constructed and other recently 
completed devices enable the determination of hysteresis 
effects in stressed yarns or fibres as well as repeated stress 
tests. Another piece of equipment utilizes a grid flow tube 
to make possible very sensitive and precise determination of 
yarn structure. 

Investigations of further applications of polarized and 
ultra-violet light to the micro-analysis of textiles are under 
way. Further, a greatly improved device for preparation of 
very thin cross sections of fibres and yarns in a matter of 
only a few minutes has been perfected. 

Continued applications of direct color and motion picture 
photography to fibre structure analysis are being developed 
and a coliection of stereoscopic photomicrographs of details 
of fabric structure for laces, lenos, pile fabrics, etc., is being 
assembled. 


COURSE IV 


HE competition to pick the best design for a house on 

the lot that the Institute has purchased in Wellesley Hills 
has concluded. Each student in the freshman and sophomore 
class designed a house, the first five being picked as worthy 
of further development in the final competition. Each of the 
five winners became a squad boss and chose four classmates 
to work with him. The plans were judged only after two con- 
tractors had given estimates. 

The winning house, designed by Thomas B. Akin, is a 
modern eight room, white colonial house with green shut- 
ters and a dominant central chimney. It is the task of the in- 
structors to point out efficient and economical methods 
that do not sacrifice quality so that the house can be sold 
for about 10,000 dollars when it is completed in the spring 
of 1937. The plan, begun for the first time this year,is,to be a 
part of each year’s curriculum in the School of Architecture. 


COURSE V 


ITHIN the past few months, Professor F. G. Keyes and 

Dr. Harold T. Gerry, M.I.T. °29, and Dr. John F. G. 
Hicks, have completed the building and testing of a new 
system for liquefying hydrogen which has the great advan- 
tage of not requiring the use of high compression pumps with 
their high costs and attendant troubles in operating. The 
results are very gratifying in that a yield of twenty to twenty- 
five percent, by weight, of the original hydrogen is liquefied 
in the process, with an ultimate expected yield of liquid of 
nearly sixty percent. 

The supply of hydrogen is obtained in the ordinary com- 
mercial hydrogen tanks, under a pressure in the neighborhood 
of 2000 pounds per square inch. These tanks are attached 
directly to the apparatus. The hydrogen is first freed from 
any traces of oxygen by passing it over a palladium catalyst 
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held in a stainless steel jacket and the water formed, frozen 
out in a liquid air trap. Thus purified, the hydrogen is led 
through a solid carbon dioxide precooler where its tempera- 
ture is reduced from 20° C to -78° C. In the next unit the 
temperature is reduced still further to -195° C by means of a 
liquid nitrogen bath. In the third and final cooling unit 
advantage is taken of an old observation of Dewar, that 
the heat of desorption of hydrogen from cocoanut charcoal 
is eight to ten times the normal heat of evaporation of hydro- 
gen. The temperature of the hydrogen is first reduced to 
-210° C by using a cooling bath of liquid nitrogen boiling 
at low pressure. The high-pressure hydrogen is further cooled 
by passing through suitably constructed copper coils im- 
bedded in the charcoal of the desorber. Hydrogen absorbed 
on the charcoal is removed by pumping thus reducing the 
temperature of the high-pressure hydrogen in the coils to 
-235°C. 

The high-pressure hydrogen thus cooled, is led through a 
vacuum-jacketed line into the liquefying unit where it is 
subjected to a Joule-Thomson cooling effect which reduces 
the temperature to the liquefying point of hydrogen. 

A definite fraction of liquid separates and remains in the 
receiver. The unliquefied hydrogen passes back over the 
expansion coils and the available refrigeration is used to cool 
incoming hydrogen in such a way that the gas escapes at 
atmospheric pressure and room temperature. 

The entire apparatus is built of metal in which all joints 
are welded. It is compact enough to be housed in a small 
sized room. 

The object of the work is to make liquid hydrogen available 
for refrigeration purposes in conducting scientific measure- 
ments at low temperatures. The measurements being made 
at present are mainly heat capacities of salts to supply data 
for physical chemical calculations. Studies of the properties 
of pure gases or mixtures of gases at low temperatures as 
well as their heat capacities are of considerable theoretical 
and practical importance and a program of such measure- 
ments is being put into practice. 

The principles employed in producing liquid hydrogen are 
to be extended for the production of liquid helium which will 
enable measurements to be made about 1° above absolute 
zero. At these lower temperatures such important properties 
of matter as the behavior of substances in high magnetic 
fields will be investigated. 


COURSE VI 


ITHIN the past few years the possible advantages of 

the direct current over the alternating for purposes of 
electric power transmission have been increasingly recognized. 
It is for this reason that John M. Grzybowski, a candidate 
for the doctor’s degree in the Department of Electrical Engi- 
neering, has undertaken as his doctorate research an extensive 
study of the economic and engineering aspects of this prob- 
lem. The subject is one in which a great deal of interest is 
exhibited by the Electrical Engineering profession at the 
present time. 

A general survey of the technical requirements of the direct- 
current transmission indicates that alternating-current gener- 
ation, and conversion by means of mercury-poo! rectifiers at 
the sending end, is today the best means of obtaining direct 
current. The current can then be transmitted by overhead 
or underground transmission lines of the conventional type, 
and converted back by mercury-pool inverters at the receiving 
end into alternating current required for power distribution. 
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Transmission through a vacuum line or compressed-air line 
has been dismissed as offering little possibility in the near 
future. Both constant-current and constant-potential sys- 
tems of direct-current transmission have been investigated 
and found to have their proper fields of application. 

Some of the particular problems being studied are insula- 
tion of the overhead line, power-carrying capacity of both 
overhead and underground direct-current lines, losses in 
lines, electrical and mechanical design of transmission lines. 
Further investigations include the problem of circuit open- 
ing and the problem of transients, voltage regulation, and 
line protection. Particular attention is being given to filters 
on both the alternating-current and direct-current side, since 
the harmonics in the inverter and rectifier waves produce 
interference with communication circuits, the effect of which 
must be minimized. 

In order to find the field of economic application of direct- 
current systems, a large number of transmission lines are 
under design. The economic and technical features of over 
fifty overhead and underground alternating-current systems, 
transmitting blocks of power of from 20,000 to 800,000 kilo- 
volt-amperes at distances of from 5 to 500 miles and using 
voltages ranging from 33 to 330 kilovolts, are being compared 
with direct-current systems of similar size. The public utility 
companies are supplying data for representative operating, 
labor, and material costs, and methods of their estimation. 

The wide scope upon which this problem is being carried 
out has been made possible by the co-operation given by the 
manufacturing companies who are themselves interested in 
the results of the study and in turn hope to interest the public 
utility concerns. Although this study has already been in 
progress for almost two years, more than a year will pass 
before it is complete and the final results available. Prelim- 
inary results, however, indicate that the direct-current trans- 
mission has much greater economic advantages than is gen- 
erally realized, both for new lines and in changing over exist- 
ing alternating-current lines into direct-current systems. In 
view of the research and development work that is being 
pressed by the manufacturers themselves, it might well be 
that the advent of direct-current transmission is not far off. 


COURSE X 


ITH the cooperation of Professor Edgerton several phen- 

omena are being studied by Professor Hauser with the 
high speed motion picture outfit. So far very interesting results 
have been obtained in regard to surface tension determina- 
tions. It has already been shown that the formation of drops 
from a standard capillary tube is not such a simple phen- 
omenon as has been assumed, and the same holds for the use 
of surface tension measurements of the DeNuoy type. The 
whole method of determining surface tension by the falling 
drop method has been based on the assumption that the fluid 
fell in single large drops. This work clearly demonstrates the 
invalidity of such an assumption. Further work is in prepara- 
tion on the study of the Brownian movement and distortion 
by high speed impacts. 

High vacuum distillation has received considerable atten- 
tion in recent years, both because it makes it possible to distill 
compounds that would otherwise decompose at their boiling 
points and because it theoretically offers great advantages in 
efficiency of separation. However, commercial efforts have so 
far proven sterile of practical results, primarily because of the 
mechanical difficulty of handling the vapors without appreci- 
able pressure drop due to friction. These difficulties have 
blocked even simple distillation, and rectification of course 
still more completely. Preliminary work on distillation of 
lubricating oils by Professor Lewis and Dr. Gilliland has 
demonstrated that very excellent separation occurs under 
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high vacuum, and two investigations in progress aim to solve 
the engineering feature of large scale adaptation. 

It has been known for some time that the permeability of 
concrete to water is much greater in the horizontal direction 
than in the vertical, a matter of serious consequence in the 
construction of dams. It has likewise been demonstrated that 
where water-soaked concrete is allowed to freeze, concretes 
made from some cements lose far less strength than made from 
others. Portland cement has to be mixed with enough water so 
that the suspension is easily workable. However, after such a 
mass has been poured most cements settle somewhat, leaving a 
thin layer of water on top the mass. This phenomenon is 
called bleeding. It is relatively unimportant in neat cements, 
but in concrete the settling leaves a thin layer of water 
beneath the under surface of each lump of aggregate. When 
the cement has finally set and the water dried out, a void is 
left between aggregate and cement. This not only weakens 
the concrete but leaves a path for flow of water in the hori- 
zontal direction and a cavity in which water can collect when 
the concrete becomes water soaked, the freezing of which will 
tend to disrupt and weaken the mass. The investigations of 
Dr. Lewis and Mr. Cogan are demonstrating that one of the 
important factors in lessening bleeding is the capacity of 
plaster of paris to set quickly as a skeletal'structure between 
the cement particles as soon as mixing has ceased, thereby 
interfering with their slip past each other and effectively 
eliminating the bleeding tendency. 


COURSE XIil 


T has long been known that ore deposits of the various 

metals are related to rock structure. Such relations have 
been observed by many geologists and mining engineers in 
mining districts all over the world. Since few geologists are 
able to become acquainted at first hand with the details of 
ore occurrence and rock structure in many districts, it has 
been impossible for one man to summarize and correlate much 
data. 

Professor Newhouse, acting as Chairman of the Committee 
on Processes of Ore Deposition of the National Research 
Council, has initiated a study of the problem by what may 
be called mass or group attack. Geologists employed by 
mining companies, and by federal and state geological sur- 
veys in the United States, Canada, Africa, Japan, and other 
parts of the world have agreed to co-operate by furnishing 
data from mines and districts with which they are thoroughly 
familiar. Much new data is expected, and it is hoped that 
some new correlations may emerge. 

One aspect of the same problem is being worked on by 
Mr. Rove, a graduate student in the Geology Department. In 
many mining districts where the ore deposits occur in lime- 
stone or dolomite beds, one particular stratigraphic horizon 
has been mineralized so as to form ore, while other beds above 
and below the mineralized one are untouched by the mineral- 
ization. It has long been supposed that this is due to differ- 
ences in physical or chemical properties of the several beds, 
just what differences, of course, not being known. Collections 
have been made of the rocks from mineralized and adjacent 
non-mineralized horizons in a number of mining districts. 
Mr. Rove is engaged in the determination of such properties 
as porosity, permeability, Poisson’s ratio, crushing strength, 
manner of fracturing, rock texture, mineral orientation, and 
mineral and chemical composition of these rocks. It may be 
found, for example, that the mineralized beds have higher 
permeability than the other horizons, thus affording oppor- 
tunity for the mineralizing solutions to enter the rock and 
replace it by ore minerals. This experimental work may aid 


jn a solution of the problem. 
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TELEVISION 


(Continued from page 39) 


Not only is the iconoscope remarkable for its power to dis- 
sect a scene into some three million elements but also for its 
ability to subdivide the scene into as many as seven hundred 
scanning lines, which determine the degree of definition. In 
this country it has been found that three hundred and forty- 
three lines give exceedingly clear detail and it is no advantage 
to secure more definition than can be appreciated by the hu- 
man eye. It is interesting to observe, however, that science, 
in attempting to duplicate the human eye, has improved upon 
the natural organ in many respects. 

Assuming that we have transmuted an optical image into a 
series of electrical impulses, let us turn to the methods 
whereby these impulses may be conveyed to the receiving 
apparatus. In addition to the sound vibrations, which are 
usually conveyed in a separate channel, two kinds of impulses 
must be transmitted: the vision signals, which give the tone 
values of the various parts of the picture; and the synchroniz- 
ing signals which are used at the receiver in reconstructing 
the image. These electrical impulses may be radiated by wire- 
less with what we call a carrier wave on which they are made 
to ride. The carrier wave generally has a frequency twenty- 
five times as great as the waves which it conveys. In tele- 
vision frequencies range up to two million cycles per second, 
for which a carrier frequency of fifty million cycles per second 
or a wavelength of about six metres is necessary. This wave- 
length is much shorter than those employed for saort waves 
(which range from fifteen to one hundred metres) and is called 
an ultra-short wavelength. The use of ultra-short waves in- 
volves one serious difficulty. The effective range of these 
waves is between twenty-five and fifty miles. Long distance 
broadcasting with ultra-short waves could therefore be ac- 
complished only with a large number of relay stations situ- 
ated all over the country. 

During the past year, however, research men of the Bell 
Telephone Laboratories have evolved an alternative system of 
television transmission, namely a cable hook-up. For the 
purpose of television a cable must be capable of conveying 
without loss the large range of frequencies essential for sharp 
definition; the ordinary telephone cable cannot cope with this 
wide range. The Beil engineers solved the problem by devis- 
ing a “‘coaxial’’ cable, or one which consists of a solid wire 
within a hollow tube, both of which are conductors. This 
type of transmission line, according to the Bell Company 
gives “‘size and clarity of vision unknown hitherto”. 

Now we come to the phase of television which probably 
appears most fascinating to the public. The problem in recep- 
tion is to reconstruct from electrical impulses an exact image 
of the object being scanned. Various kinds of apparatus have 
been contrived for this purnose, the most successful of these 
perhaps being Dr. Zworykin’s kinescope, which is particularly 
adapted for his iconoscope camera. Both are essentially 
modified cathode ray tubes. In the kinescope the jet of elec- 
trons bombards a fluroescent screen at the end of the tube so 
that the screen glows at the point of impact. The color of the 
glow depends on the nature of the fluroescent material. 
Greenish impressions used to be obtained; lately, however, 
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they have been improved almost to a plain white. The com- 
position of the fluroescent material giving black and white 
images is being kept secret by the manufacturers. 

The intensity of the cathode beam is regulated to vary in 
proportion to the current fluctuations in the receiver, so that 
the original light and shade relationships of the transmitted 
scene are reproduced. This control is effected by supplying 
the output voltage of the receiver to a Wehnelt cylinder sur- 
rounding the cathode of the tube. The cylinder acts very 
much like the grid of a thermionic valve; the strength of the 
beam varies with the magnitude of negative voltage in the 
cylinder. The cathode pencil of the kinescope is further 
controlled by electromagnets to move along parallel lines. The 
synchronizing impulses recorded by the iconoscope serve 
as a guide for this moving beam, which sweeps across the 
screen in exact accordance with the analyzing movement of 
the scanning beam of the “electric eye’. Through this dual 
control of the intensity and position of the cathode pencil, a 
precise replica of the original scene is reproduced. 

Since the size of the image recorded by the kinescope is 
limited to thirteen by ten inches, this type of receiver is con- 
fined to the sphere of home entertainment. Results obtained 
by the kinescope are comparable in lack of “‘flicker’’, sharp- 
ness of detail, and smoothness of motion to the modern mo- 
tion pictures. This instrument has no moving masses (outside 
of the electrons) so that the reception of the sound broadcast 
is subjected to no interference. All television signals are trans- 
mitted along one ghannel and no wave bands are wasted. 
The room need not be plunged into darkness for the reception 
of well-defined figures. The entire apparatus is compact 
and has the general appearance of the discarded phonograph. 
Contained in the cabinet are a power unit, a cathode ray unit, 
two radio receivers (for light waves and sound waves), and a 
loud speaker. 

By describing the modern apparatus for the transmission of 
moving pictures we have endeavored to point out that tele- 
vision, in the laboratory sense at least, is not merely “‘around 
the corner’”’ but is actually here. What, then, has been re- 
tarding the commercialization of this marvellous invention? 
To be sure, science has yet to develop adequate facilities for 
long-distance transmission and for the reproduction of the 
televized image on large screens. As technical difficulties are 
readily nearing solution, however, the magnitude of the com- 
mercial and financial problems assumes greater proportions. 

The cost of introducing television on a nation-wide scale has 
been estimated at $290,000,000. Whereas an hour of radio 
broadcasting costs approximately $2500, an hour of television, 
according to Dr. Alfred Goldsmith, radio engineer, would cost 
$120,000. The financial problem in television is three-fold: 

First, commercial television would necessitate the construc- 
tion of an entirely new system of transmission; this would 
consist of thousands of relay stations, if television is radioed, or 
of a new, expensive cable network, if television is “piped”’. 

Second, the cost of program material is immense whether 
‘live’ entertainment or film material is transmitted. 

Third, the cost to the purchaser of a receiving set should be 
considered. Sets at present cost between $350 and $500; with 
present economic conditions, not very many could afford so 
extravagant a luxury. 

Other commercial difficulties, too, make themselves mani- 
fest. In sound broadcasting any type of receiver is capable of 
‘picking up” programs; in television this would not be the 
case. Every television receiver must be perfectly co-ordinated 
with the transmitter with respect to the number of scanning 
lines, the frequency range, the size of the image, and the 
synchronization of signals. A receiver not conforming to the 
standardized condition would be rendered inoperative. For 
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this reason, before television is standardized, manufacturers 
wish to be certain that standards chosen are the best possible. 
Furthermore, whereas radio in its early days had no strong 
competitor, television has two formidable rivals in the highly 
developed radio and cinema. In order to take commercial 
form television must definitely show itself superior to either 
of these competitors. 

Meanwhile, in spite of the financial and commercial ob- 
stacles, great strides are being made everywhere in the en- 
hancement of the new art. In Great Britain, the government 
has definitely sanctioned commercial television. Germany and 
Italy are not far behind. Marconi in his secret laboratory is 
attempting to bend the micro-waves to follow the curvature of 
the earth. He hopes to bridge Europe and America with tele- 
vision. In the United States millions of dollars are being 
spent in television research. The situation is picturesquely de- 
scribed by Ben Hall in the Review of Reviews: 

“The world is on top of a television voleano. England is 
about to erupt. Hitler is preparing to erupt with a pictorial 
lava of Nazi propaganda. Marconi is bringing fame and 
fortune anew to Italy and himself. America continues to ex- 
periment: cautiously — stopping, listening, and hoping to 
look — and see”’. 

The potentialities of television as a medium for advertising 
and education are unlimited. The ancient Chinese adage. 
‘A picture is worth ten thousand words,” tells as much about 
the possibilities of television as can be expressed in many 
pages. One cannot predict exactly when commercial television 
will arrive. Research and experimentation are paving the 
way for a reasonably-priced, high-quality set. David Sarnoff, 
president of RCA exudes confidence in saying, “As the result 
of field tests which we are now prepared to make, we are sure 
that within several years we will be able to produce standard- 
ized transmitters and receivers’. One can safely say that 
commercial television will follow a general improvement in 
business-and will itself contribute toward this improvement. 
The day is not too far off when we shall be able to experience 
the miracle-thrill of having the news of the day brought to 
our living room in sight and sound. 
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RIGID FRAME BRIDGE 
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for fixed end conditions. The reinforcement in the rest of the 
structure was almost the same for either condition. Physical 
hinges, therefore, have no real advantage in rigid frame bridges 
on earth or pile foundations, at least up to 100 ft. span. 

If the footing of a rigid frame bridge is on ledge rock there 
is more justification for a difference of opinion. Some design- 
ers prefer to use physical hinges above a narrow concrete 
base which is built upon the rock surface. The Parkway 
bridge footings on rock are built without hinges as shown in 
Fig. 76. No anchorage into rock is provided, hence the re- 
action points may shift under moving loads between points 
near one edge or the other edge of the footing due to flexure 
in the structure. The main vertical reinforcement in the legs 
of the frame is tied together by stirrups closely spaced just 
above rock surface to prevent spalling of the concrete in case 
the legs tilt a little, bringing the pressure near the edge of the 
footing. The compressibility of the concrete itself is probably 
sufficient to accommodate itself to the tendency of the legs 
to tilt, so that excessive pressures are not developed. At 
any rate no spalling has been observed at the rock surface in 
any of the Parkway bridges founded on rock. This construc- 
tion is no more dangerous than concrete columns resting upon 
hard bed plates. 

The rapid extension of rigid frame bridge construction 
during the past decade is very gratifying to the author. 
Representatives from several foreign countries as well as 
from several states in the Union were delegated to the design 
division of the Westchester County Park Commission to 
study the development and by this means the rigid frame 
bridge has become established as standard highway bridge 
construction. It is slowly being adopted for railroad bridges 
and there are now several good examples built to carry the 
heaviest class of railroad loading. 

The periodical literature describing the many structures 
built after the pattern of the Westchester bridges is now quite 
voluminous and no adverse criticisms have been recorded. 
A great deal of careful investigation and research preceded 
the final design of the first bridges on the Bronx River Park- 
way so that construction could be undertaken with confidence, 
and the successful construction of about ninety bridges of 
this type on the Parkways furnished ample precedent for 
others. Many factors governing policy, however, are yet to be 
determined such as the economic limits between solid barrel 
and ribbed types of construction of concrete rigid frame 
bridges; between concrete and steel construction of frame 
bridges as well as closer evaluation of the factors favoring 
rigid frame construction over other types. These questions 
will be answered in time. 
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is in fact the first inventor. The one who first conceives the 
idea and diligently applies himself to its perfection is the one 
who is entitled to the patent notwithstanding the fact that his 
application bears a later date. It is not the date of filing of the 
application nor even the date when the idea is reduced to 
practice but rather the date of conception of the idea which is 
the determining factor. But the records of the Patent Office 
do not in the first instance disclose this important date. When 
aninterference is declared then, and not until then, is the appli- 
cant required to furnish this date. Hence it is of utmost im- 
portance that the inventor should keep an accurate contem- 
poraneous and provable record of the sequence of events. In 
this respect inventors are all too frequently sloppy. It 
should be noted that when the law says, as it does, that the 
date of the conception of the idea determines the priority of 
invention it means the probable date. The Patent Office and 
the courts on appeal therefore are interested only in facts not 
in assertions. Nevertheless here again the inventor cannot 
discover the facts until after he has reached the stage where 
he has expended both time and money in order to file his 
application. 

We may suppose a still more equitable situation. Two 
persons, in widely separated parts of the country, without 
knowledge of each other, may hit upon substantially the 
same idea within a short time of each other. Each works dili- 
gently but one is more deliberate than the other. He spends a 
long but reasonable time getting his machine up to the point 
of putting it on the market and does not file his application 
until his machine has demonstrated its success. Then he is 
notified of an interference and learns that another has filed an 
application prior to his. Upon investigation he finds that 
the prior application is a mere paper application, that is, it 
represents a principle of the machine in a crude and impracti- 
cal form. It is not verified by actual construction but is a 
mere prediction of a probably successful construction. Of 
course, the one who demonstrates its practicability should be 
preferred, but this is not always so. The Patent Office may, 
under the doctrine of construction, or reduction to practice, 
grant seniority to the paper inventor. 

Sometimes it is not until the inventor is called upon to 
face an infringement suit that he first becomes aware of the 
confliction claimed by another. Note that the mere fact that 
the Patent Office has granted a patent is not the final test of 


its validity. The courts may invalidate it. In every step the * 


inventor may have proceeded in the utmost of good faith. 
He may never have known of the pendency of a prior applica- 
tion. Or he may have known of such an application and have 
honestly believed that even a liberal interpretation of the 
claims therein did not cover his invention. He may have 
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manufactured and sold to users many samples of his machine. 
He may have guaranteed the users against infringement. All 
to no avail. Some courts may find it so. True some other 
courts may find that it is not. Then begins the inordinate 
long process of appeals until, it may be, the Supreme Court of 
the United States reconciles conflicting opinions. During all 
this time the innocent inventor must sit still or proceed at his 
peril. 

If what has been said does not incite in prospective invent- 
ors a definite fear of a divinity, it is possible to enumerate 
still other obstacles. But space will not permit. It remains 
only to point the morals from the foregoing. 

First: If you are seized with an uncontrollable urge to in- 
vent, do not by any means repress it. It may be of inesti- 
mable value both to yourself and to the public. Second: If 
after visualizing a need you can see an idea which seems to 
you a solution of the problem, put it in writing, cause it to be 
witnessed and notarized so that you may, if called upon, 
prove the original date. Third: Proceed to develop your idea 
diligently. In no branch of human activity is diligence more 
required or lack of it so severely penalized. Fourth: When you 
have reduced your idea to practice — that is, to some tangi- 
ble form — again be sure that each successive step is recorded 
and dated. Fifth: Experiment with it as you will, but again 
diligently, mindful only that you must not put it into public 
use for more than two years. Sixth: Take every reasonable 
precaution to see that you are not traversing ground already 
tilled by others before you waste both time and money in 
proving the soundness of the ideas of others who have already 
demonstrated the facts to the satisfaction of the authorities. 
Seventh: When you are ready to draft the application, use 
the same degree of care in stating your claims that you would 
use in perfecting your drawings. Finally: Persevere! That 
which is easily accomplished has probably been already 
accomplished or is not worthy of accomplishment. There is 
no monopoly on knowledge. There is no sweeter success than 
that which follows failure. 
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reduce selling costs, business more and more turns to the telephone. 
New ideas for systematic coverage of markets, for more efficient purchasing, collec- 
tions, administration, are constantly being devised by Bell System men as a result of 


their experience with the application of Long Distance 
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MORE BRIGHT SPOTS ON THE GLOBE 


HE mellow, golden-orange glow of sodium 

lighting is springing up all across the continent. 
The latest installation, the largest in the United 
States, is located in the state of Washington. 
Here sixty-six 10,000-lumen General Electric units 
line almost three miles of the four-lane Pacific high- 
way between Tacoma and Fort Lewis. 


Less than three years ago the sodium lamp made its 
first American appearance on a highway near 
Schenectady. Today the largest installation is on 
the Pacific coast, and the second-largest is at Lynn, 
Mass., on the Atlantic. In between, highways, 
bridges, traffic circles, and underpasses are being 
lighted for safety with these new luminaires, and 
G-E sodium lighting units have been installed in 
Canada, Hawaii, India, Spain, South Africa, Dutch 
East Indies, and Brazil. 
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X-RAY FOR ART’S SAKE 


r there a portrait of Great Uncle Ezra gathering 
dust in the attic? It may pay to x-ray Uncle 
before handing him over to the junkman, for behind 
Ezra’s imposing whiskers may be hiding the sister of 
the Mona Lisa. 
Not long ago, a portable G-E X-Ray Corporation 
unit disclosed a valuable canvas by the seventeenth- 
century artist, Goya, concealed under an apparently 
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worthless picture. More pee | a New Orleans 
painter and art expert has used the x-ray to discover 
a genuine da Vinci signature beneath layers of 
paint applied by a later and less-capable artist. A 
sister painting to the newly found da Vinci recently 
sold for a quarter of a million dollars. 


The x-ray does more than discover lost Old Masters; 
it tells how the great artists of the past worked. A 
series of radiographs can disclose the full story of 
their brushwork from the first rough sketch to the 
last correction and afterthought. The art student of 
today, by an intelligent use of the x-ray, is in a 
position to take lessons from the geniuses of the 
past. 


NO CLICK! 


5 ese life of the party, coming home with the 

milkman, need no longer fear the betraying 
click of the light switch if his house wiring includes 
the latest electric switch developed in the G-E 
Research Laboratory. 


Two shallow chrome-steel cups, sealed together with 
a strip of glass, form the two contacts. A ceramic 
disk with a hole in it, and a few drops of mercury, 
partly fill the enclosure between the cups. The 
device is filled with hydrogen and sealed by welding. 
In the “off” position, the hole in the disk is above the 
mercury level. A rotation of twenty degrees to the 
“on” position permits the mercury to flow through 
the hole and make the electric connection. 


The time-honored click of the switch is abolished. 
In the laboratory in Schenectady, one of these 
mercury switches has turned a 200-watt lamp on 
and off some 65 million times in the last two years, 
and there are no signs of wearing out or failure. 
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